Neurological Aspects of Aviation Medicine
Dr A J Benson (Royal Air Force Institute ofAviation Medicine, Farnborough, Hampshire) Neurological Aspects of Disorientation in Aircrew Spatial disorientation is a term used in aviation medicine to describe a group of incidents, occurring in flight, where the aviator has a false perception of the position, attitude or motion of either himself or his aircraft. Only on rare occasions is the disorder of perception caused by disease, commonly it is the manifestation of a natural limitation of sensory function. In flight, man is taken out of his normal terrestrial environment and exposed to patterns of linear and angular motion to which his sensory systems are not functionally adapted. Spatial disorientation is thus one manifestation of the physiological and psychological cost of attempting to live and work in an unnatural environment.
Early in the history of powered flight it was recognized that when the pilot was deprived of vision he was unable to maintain adequate orientation from information provided by vestibular receptors and from other mechanoreceptors in the skin, the capsules of joints and supporting tissues (Head 1920 , Wulfften Palthe 1922 . These nonvisual sensory systems, though adequate transducers of the linear and angular accelerations experienced by man during normal locomotion on the surface of the earth, were found to give either inadequate or inappropriate responses to the linear and angular motion stimuli of the flight environment. Thus, if the pilot were not to become disorientated when flying in cloud or at night his senses had to be complemented by instruments which provided symbolic information from which he could determine the attitude and motion of his aircraft. Over the years, the accuracy, reliability and ease of interpretation of instrument displays has been progressively improved. Nevertheless, incidents still occur in which flying personnel fail to perceive correctly the orientation of their aircraft, or they have to resolve a perceptual conflict generated by veridical visual cues and false vestibular and kinwsthetic cues.
Types ofSpatial Disorientation
Spatial disorientation is commonly thought of as a false sensation of aircraft attitude or motion. Typical examples are: the 'leans', in which the pilot feels that the aircraft is banked when instruments indicate that it is flying straight and level: the vertigo which occurs on recovery from a prolonged spin or rolling manceuvre: the apparent change in aircraft attitude which can accompany linear acceleration or deceleration in the line of flight (the somatogravic illusion). Such illusions are qualitatively false perceptions of aircraft orientation, and are primarily caused by limitations of vestibular and kinesthetic mechanisms (Melvill Jones 1966) . These illusions have been extensively studied and described (Vinacke 1947 , 1948 , Clark & Graybiel 1955 , Melvill Jones 1957 , Nuttall 1958 , Benson 1965 , Gillingham 1966 , Guedry 1968 ) and will not be analysed further in this paper.
Less commonly reported by aircrew are those incidents in which there is error in the scaling of the sensed aircraft motion. For example, 10°of bank may feel as if the aircraft were banked through 300. Such quantitative errors in the perception of aircraft orientation are frequently accompanied by heightened awareness of aircraft motion and feelings of instability. Usually this is described by the pilot as if he were 'balanced on a knife edge' and may be associated with the fear that the 'aircraft will fall out of the sky', even though the aviator may know intellectually that such an event is most unlikely. Proc. roy. Soc. Med. Volume 66 June 1973 Apart from these disorders in the aviator's perception of attitude and motion of his aircraft there is another type of disorientation characterized by an altered perception of the orientation of the aviator's body with respect to the aircraft or the surface of the earth. In its most severe form the aviator can feel completely dissociated from the aircraft which he is controlling: 'I felt I was sitting on the tail watching myself fly the aircraft.' Such derealization incidents are relatively rare, but about one-third of aircrew have experienced feelings of detachment and isolation, usually when flying straight and level at an altitude of more than 30 000 ft (9150 m) in conditions where the horizon was ill defined and there was a relative constancy in the aviator's sensory environment. Such dissociative sensations, called the 'break-off phenomenon' by Clark & Graybiel (1957) , are often accompanied by quantitative errors in the perception of aircraft orientation, particularly in those aircrew in whom the sensory experience engenders anxiety (Benson 1971) .
Incidence ofSpatial Disorientation
All aircrew have spatial disorientation at some time or other during their career (Clark 1971 aircraft is a quite normal, physiological, response to particular aircraft motions. However, the nature of the false sensation, its intensity and the ease with which the perceptual conflict is resolved differ widely between incidents and individuals. Some aircrew may be aware of disorientating sensations on almost every flight; others may be troubled only once in fifty to a hundred sorties.
Incidents in which the pilot does not appreciate that he is disorientated are fortunately a good deal less common, but it is at such times that control of the aircraft is based on false information and an orientation error accident is most likely to occur. Because of the private nature of sensory experiences there is rarely unequivocal proof that a fatal accident was caused by spatial disorientation. Nevertheless, few would disagree that in military aviation errors in the perception of orientation account for at least 5-10% of all accidents to fixed and rotary wing aircraft (Nuttall & Sanford 1959 , Moser 1969 , Hixon & Niven 1971 , Lofting 1971 . In private flying, excluding civil transport operations, spatial disorientation is considered to be an even greater hazard to flight safety (Collins 1970) .
Operational Consequences of Spatial Disorientation Behavioural response to disorientation stress: Although aircraft accidents are the most important consequence of spatial disorientation, such perceptual disturbances can also degrade the operational efficiency of flying personnel in less dramatic ways. The presence of conflicting sensations can cause the aviator's attention to be directed from important aspects of the flying task so that he fails to maintain a regular scan of the instruments or to monitor with accuracy ancillary flight systems. Such alterations of attentional mechanisms are the more profound and are accompanied by other behavioural responses when the aviator is alarmed, even frightened, by a disorientating sensation which is of an unusually intense or unfamiliar character. The disorganization of flying skill which can occur in response to disorientation stress, as to the other stresses imposed by the flying task, were clearly recognized by Henry Head (1920) . He used the concept of 'regression' to explain the observed changes in skilled performance, but now it is appreciated that this is but one facet of the problem. Concepts of 'activation' and the 'arousal continuum' (Hebb 1955 ) are broader and, though not without defect, have utility in the integration of the phenomenology of the behavioural responses to disorientation stress (Fig 1) .
I Section ofNeurology
Anecdotal reports and a considerable body of experimental work have shown that an individual's ability to perform a given task is related to his behavioural state; optimal performance is achieved somewhere in the middle of the 'arousal continuum', which ranges from drowsiness and sleep at one end to intense activation, apprehension and anxiety at the other. Now it is agreed that the aviator is normally likely to be operating at a level of arousal which is close to the optimum. The presence of perceptual conflict, the basic component of disorientation stress, or indeed other stresses of the flight environment serve only to raise arousal above the optimum and impair performance.
Performance is degraded in a number of different ways. Alteration of attentional mechanisms has already been mentioned, though it should be pointed out that in the highly aroused aviator his scan may become so restricted that he attends only to one instrument. Such a 'coning of attention' or 'fascination' (Clark et al. 1953 ) is potentially dangerous for it means that control of the aircraft is based on inadequate cues at a time when the pilot is unlikely to be aware of any deficiency in his perception of aircraft orientation. A less tangible, though no less important, effect of high arousal is Head's 'regression' by which is implied a reversion to more primitive patterns of behaviour. In the flight situation this is manifest as a breakdown of the more complex or the more recently acquired skills, of which instrument flying skill is the prime example. When learning to fly by instruments the pilot is trained to ignore vestibular and kinesthetic sensations, indeed the experienced pilot is frequently unaware of such potentially disorientating sensations even though they may be accessible on introspection. However, when aroused the pilot is more likely to attend to his endogenous vestibular signals and may even base his control of the aircraft on such inappropriate cues, despite his training to disregard this sensory information.
Associated with the loss of recently acquired skills is a diminution of cerebral competence (Easterbrook 1959), manifest as impairment, inter alia, ofperceptual and cognitive mechanisms. Here again, it is when flying on instruments that disturbances of brain function are most apparent. Pilots who have been highly aroused by a sudden disorientational conflict not infrequently report that they were unable to interpret the cockpit instruments although they could be seen with clarity. In contrast, aircrew rarely have any difficulty in the interpretation of external visual cues unless vision is degraded by vestibular nystagmus. Disorientation stress and the high arousal which it engenders degrade performance, principally, by alteration of sensory mechanisms. However, the motor system is not immune. Increased muscle tension commonly accompanies heightened arousal which can, in some flying personnel, be sufficient to interfere with fine volitional movement of the control column of the aircraft (Benson et al. 1963) . Rarely, the pilot becomes 'frozen' at the controls and is unable to make any response, in others motor responses are hyperkinetic and control movements are excessive and ill-timed. The release of abnormal motor figures has also been described by a few pilots who felt as if the control column were being pulled away from them, as if by a 'giant hand', when they attempted to correct aircraft attitude (Malcolm & Money 1971 ).
Anxiety reactions: Aircraft accidents and impairment of skilled performance are the principal operational consequences of spatial disorientation. Anxiety reactions are, however, another sequela which, although relatively uncommon in relation to the frequency of occurrence of disorientation incidents, are responsible for the morbidity of flying personnel (Aitken 1972). In the Royal Air Force about eight aircrew come under medical care each year because of associated spatial disorientation and anxiety.
The interrelationship between perceptual disturbance and neurotic reaction is a close one, so when attempting to unravel etiological mechanisms in the individual patient it is often difficult to determine whether the disorientation was the manifestation of an anxiety reaction, or whether the perceptual disturbance was the cause of the anxiety (O'Connor 1967) . Certainly in some aircrew it is quite clear from the anamnesis that anxiety and loss of confidence in flying ability were precipitated by an unusually intense vertigo or other illusory perception (Sours 1965) . Typically, the first incident was one that created apprehension, even frank anxiety, because it was outside the individual's previous experience. On subsequent flights there was heightened introspection and attention to vestibular sensations. Not surprisingly, disorientation recurred with increasing anxiety and loss of confidence. The pilot was trapped in a vicious circle, from which escape was likely to come only by admission of his disability.
In the majority (60-70%) of aircrew coming under medical care because of spatial disorientation, the perceptual disorder was considered to be more the expression of an anxiety neurosis than the precipitant of mental ill health. Not infrequently there was a pronounced phobic element 'break-off' was accompanied by quantitativelyfalseperception ofaircraft orientation (above) andfrom 16pilots who did not have associated 'spatial disorientation" (below). ZTR and ZTL represent the total duration ofall sensations evoked on stopping turntable rotation to the right and to the left respectively symptoms occurring only in specific environmental conditions. If untreated there was, typically, generalization of the anxiety with loss of confidence and fear of flying reactions.
Anxiety is but one dimension of the arousal continuum, so the arguments already advanced (Fig 1) permit an explanation of how anxiety increases an individual's susceptibility to disorientation. The heightened perception of vestibular and kinmsthetic sensations, which is a concomitant of high arousal, is also likely to be potentiated by the loss of adaptive mechanisms which has been shown to occur in patients with anxiety states (Lader & Wing 1966) .
Etiology ofDisorientation
Spatial disorientation in flight embraces a variety of perceptual disturbances and many factors are known to be of etiological significance. In the preceding pages emphasis has been placed on the alterations of attentional and cognitive mechanisms engendered by changes in behavioural state, for it is usually necessary to invoke these central mechanisms in the analysis of any disorientation incident. This does not mean that factors such as the response of vestibular and kinesthetic receptors to aircraft motion, the nature of the flight environment or the experience and training of flying personnel are unimportant in the etiology of disorientation, but of themselves they rarely explain why, in the same situation, one aviator becomes disorientated and another does not, or why a pilot suffers disorientation on a particular flight even though he has been exposed to a comparable environment on many previous occasions.
The nature of the individual differences which account for intersubject variability in susceptibility to disorientation are imperfectly understood and a validated selection procedure has yet to be developed. However, there is some evidence that differences in vestibular function are of importance. Studies of responses to cross-coupled (Coriolis) stimulation suggested that susceptibility to spatial disorientation was coupled with a low threshold for the induction of nausea and other autonomic symptoms (Nuttall & Sanford 1959) . Likewise, Ambler & Guedry (1971) have shown a correlation between sensitivity to cross-coupled stimulation and failure during flying training, though a specific relationship between vestibular sensitivity and susceptibility to disorientation was not determined.
Measures of vestibular sensitivity afforded by post-rotational nystagmus or sensations ofturning have failed to show significant differences between aircrew who had frequent and disturbing disorientation and those who were rarely troubled (Nuttall & Sanford 1959 , Benson 1968 ). However, measures of directional preponderance, obtained by comparison of the duration of the aftersensations ofclockwise and anti-clockwise stimuli, did discriminate between aircrew who had come under medical care because of spatial disorientation and a comparable group who had not suffered from qualitative errors in the perception of aircraft orientation (Benson 1968 ). The difference was most clearly demonstrated in a group of 23 pilots who had experienced dissociative sensations ('break-off'), usually when flying at high altitude. In both the yaw and roll axes sensation cupulograms there was a significantly greater (P<0.05) directional preponderance or asymmetry (Fig 2) in the 7 pilots who had felt that the aircraft was banked or turning when in straight and level flight (qualitative disorientation) than in the 16 pilots who had not experienced qualitative errors in the perception of aircraft orientation in conjunction with the 'break-off phenomenon' (Benson 1971) .
With few exceptions the vestibular asymmetry found in aircrew with spatial disorientation lay within the normal distribution and was not considered to be the manifestation of vestibular disease. Nevertheless, it was concluded that minor degrees of asymmetry could be the matrix of illusory perceptions when there was a heightened awareness of vestibular cues engendered by anxiety and high arousal in flight environment where external visual cues of aircraft orientation were absent or inadequate.
